The costs associated with MRSA and VRE underestimate the amount of money health care facilities are spending to prevent the nosocomial transmission of these AROs. Outbreaks of MRSA in specific at-risk community populations (intravenous drug users, homeless patients, patients who are or who have recently been incarcerated) have added to the burden of hospitalized MRSA-positive patients (31) . In Quebec, Montreal and Sherbrooke have reported rapid increases in the number of CDAD cases acquired through nosocomial transmission of this pathogen (32, 33) . This CDAD outbreak was caused by a pathogen that acquired a new virulence factor, resulting in increased patient morbidity and mortality, as well as the disruption of health care delivery in these two cities. In 2003, The Conference Board of Canada estimated that the impact of SARS was approximately $1 billion to Toronto and $1.5 billion to Canada (34) .
Within the hospital setting, acquiring a specific organism and subsequent infection depends on many different factors. These factors may be related to the host, the microbe, the host-microbe interaction, the use of antimicrobials, the hostantimicrobial interaction, and the host environment. The host, the microbe, the type and duration of exposure of the host to the microbe within the environment and the interventions used to prevent the development of an infection all influence a patient's risk of acquiring a specific microbe and a subsequent nosocomial infection (35) .
Specific host risk factors include the following: a high level of acuity of illness; a high level of immunosuppression; malnutrition; a history of frequent hospitalizations; the presence of invasive devices; the loss of integrity of normal skin and mucosal barriers; and, a more aged population. Immobility, bladder and bowel incontinence, and immunosenescence, often found in the elderly, are also associated with an increased risk of infection. Patients with diabetes mellitus, renal failure, chronic lung disease, chronic heart disease or immunosuppression as part of therapy for cancer, rheumatological conditions or inflammatory bowel disease are at increased risk of developing infections. In 1997/1998, 52% of hospitalized patients in Canada were over 65 years of age, even though seniors only represented 12% of the population (36); it is likely that this figure will continue to increase over time. Monitoring of patient acuity scores in general medical wards has shown a marked increase in the severity of illness among patients admitted to these wards over the past two decades (36, 37 patients with the highest burden of illness are now admitted to a general medical ward. Thus, the patients receiving care in general medical wards now commonly have multiple conditions that place them at increased risk of developing an infectious disease. The treatment of each admitted patient requires many interventions that have also been associated with increased risk of developing infections.
Other important factors that may influence the development of hospital infections include the HCW and levels of staffing. Considerable evidence (38) (39) (40) (41) supports the belief that organisms may be carried from patient to patient via the unwashed hands of HCWs. The large variety of HCWs, including less skilled workers and part-time staff attending to patient needs, may result in inconsistent training and compliance with basic hygiene skills, such as handwashing, gloving, gowning and using aseptic techniques. Case control studies have demonstrated that the lack of familiarity with a required skill set in a specific work setting has been associated with an increased number of hospital-acquired infections. Several studies (42) (43) (44) (45) (46) (47) (48) have demonstrated that understaffing, and the educational level and skill of the health care practitioner are associated with the transmission of microorganisms and the development of nosocomial infections.
As noted previously, several factors related to the hospital environment may also contribute to an increased propensity for hospital-acquired infections and the transmission of antimicrobial-resistant pathogens, including the physical plant design, engineering controls (generally defined as sink placement, design of space to facilitate good hygiene practices, ease of handwashing, and the ability to maintain general environmental hygiene), the use of aseptic techniques and other infection control practices, and the host-HCW interaction (7). These design factors have taken on increasing importance in recent years with respect to the types of patients admitted to health care facilities and the degree of comorbid illnesses.
Recent data (7) from The Center for Health Design provide evidence to support hospital design and improved outcomes in patient safety (including HAIs) and quality of care. Over 120 studies linking HAIs to the environment were identified (7) . A review of the citations indicated that the majority of studies identified were either related to an outbreak investigation or were of quasiexperimental design using before-after interventions, occasionally with sequential intervention to improve the epidemiological strength of the observation, and focused primarily on HAIs transmitted through either airborne or contact routes of transmission. A number of airborne routes of transmission were identified, including air filters, direction of air flow, air pressure, air exchanges per hour, humidity, and ventilation system cleaning and maintenance. Many of the outbreak investigations identified Legionella and Aspergillus species infections in immunosuppressed populations. Regarding the contact transmission route, several studies reviewed by Ulrich et al (7) have suggested that hand hygiene compliance may be improved by increasing the sink or waterless hand-sanitizing dispenser to bed ratio and by strategically placing sinks and waterless hand-sanitizing dispensers. In addition, these studies have suggested that the rates of HAIs spread through contact and airborne routes of transmission are lower in settings with single-bed rather than multibed rooms. The presence of common shared space and multibed rooms in hospital emergency departments, intensive care units, and hospital wards in Canada and several Asian countries during the SARS outbreak are acknowledged to have hampered control efforts. A recent example of hospital design features that were associated with a reduction in HAIs can be found at Bronson Methodist Hospital in Kalamazoo, Michigan, where an 11% decreased rate of HAIs was associated with the opening of new patient pavilions that featured private rooms and strategically located sinks (7) . There are similar data from Canada. Compared with historical controls, a 70% decrease in the incidence density of AROs and hospital-acquired infections related to MRSA, VRE and C difficile over 18 months was found in a newly renovated general medical ward at Foothills Medical Centre in Calgary, Alberta, which had recently undergone extensive renovation and redevelopment of an existing footprint to create 28 private rooms (10 with negative air pressure capability) with wheelchair-accessible private washrooms, redundant handwashing stations, and extra space for both patients and caregivers (T Lye, Calgary Health Region, personal communication).
The rigorous application of evidence-based design can improve hospital environments in several spheres: the enhancement of patient safety by reducing HAIs, injuries from falls and medical errors; the elimination of environmental stressors, such as noise, that negatively affect outcomes and staff performance; and, the reduction of stress and promotion of healing by making hospitals more pleasant, comfortable and supportive for patients and staff alike. Ulrich et al (7) have made several recommendations to improve quality and safety. One suggestion involves the enhanced use of single rooms that can be adjusted to meet medical needs in a flexible manner and that improves patient safety by reducing patient transfers, decreasing the risk of nosocomial infections and improving staff communication with patients (in part related to facilitating patient privacy). They also recommended improving indoor air quality with well-designed ventilation systems and air filters to prevent hospital infections; using sound-absorbing ceiling tiles and carpeting to reduce noise in an effort to improve sleep patterns, reduce blood pressure and reduce rehospitalizations; providing better lighting and access to natural light to improve patient safety; creating pleasant, comfortable and informative environments with improved layouts, colour schemes, furniture choice and arrangement, floor coverings and curtains; and, providing informational material and displays, directional signage at key decision points, reassurance signs for long paths, and clear identification of rooms. Settings that help staff do their jobs would be expected to lead to greater staff satisfaction, which could also have a positive influence on patient outcomes. With the application of new design, construction and the judicious adaptation of engineering controls, the efficiency of patient care may be optimized with the potential to minimize adverse outcomes and costs. Hopefully, hospital planning teams will take into account the growing body of evidence regarding the need to optimize features to improve safety and minimize hospital-acquired infections.
